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Abstract  
Table 1. Base-year emissions/sequestration from crop, livestock and forestry and other 














(‘000’ MXN/ Mg 
CO2eq) 
Crops 13.17 7.91 -19,407 -2.45 
Livestock 134.28 7.65 14,924 1.95 
FOLU -148.35 72.31 1,147,509 15.87 
Total -0.90 87.87 1,143,026 13.01 
  Total mitigation potential from the AFOLU sector was the highest in Chiapas (~13 Mt 
CO2eq) followed by Campeche (~ 8 Mt CO2eq).  
 11 states (i.e. Oaxaca, Quintana Roo, Yucatan, Jalisco, Sonora, Veracruz, Durango, 
Chihuahua, Puebla, Michoacán and Guerrero) had a total AFOLU mitigation potential 
between 2.5 to 6.5 Mt CO2eq, other states had AFOLU mitigation potentials of less than 2 
Mt CO2eq.  
 Crop mitigation potential was the highest in Veracruz, Jalisco and Michoacán; it was 
intermediate (between 0.4 to 0.6 Mt CO2eq) in the states of Chiapas, Sinaloa, Guanajuato, 
Mexico and Guerrero. Other states had crop mitigation potential less than 0.4 Mt CO2eq.  
 Livestock mitigation potential was the highest in Jalisco and Sonora and intermediate 
(between 0.4 to 0.8 Mt CO2eq) in the states of Puebla, Veracruz, Guanajuato, and 
Yucatan. Other states had livestock mitigation potentials of less than 0.3 Mt CO2eq.  
 The state-wide and total magnitude of mitigation was the highest from the FOLU sector. 
Per unit abatement, cost was also the highest in this sector.  
 If properly implemented, mitigation potentials on cropland can be realized with net 
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AAGR Average annual growth rate  
ACM Animals under confined management 
AFOLU Agriculture, forestry and other land use  
AGCM  Animals under grazing-confinement management  
AGM Animals under grazing management  
ANP Áreas Nacionales Protegidos (National Protected Areas)  
BAU Business-as-usual emission scenario 
CCAFS CGIAR Research Program on Climate Change, Agriculture and Food Security  
CONAFOR    Comisión Nacional Forestal (National Forestry Commission) 
CONAGUA   Comisión Nacional del Agua (National Water Commission)  
ENA Encuesta Nacional Agropecuaria (National Agriculture and Livestock Census)  
ETS Emissions Trading System 
FOLU Forestry and other land use sector  
GHG Greenhouse gas 
IFA International Fertilizer Association 
INECC Instituto Nacional de Ecología y Cambio Climático (National Ecology and 
Climate Change Institute) 
INEGI  Instituto Nacional de Estadística y Geografía (National Statistics and 
Geography Institute)  
INIFAP Instituto Nacional de Investigaciones Forestales y Agrícolas y Pecuarias 
(National Research Institute for Agriculture, Forestry and Livestock)  
IPCC Intergovernmental Panel on Climate Change  
IPPC International Plant Protection Convention 
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IRRI Instituto Internacional de Recursos Renovables (International Renewable 
Resource Institute)  
ISRIC International Soil Reference and Information Centre  
M&MS Manure and managements systems  
MasAgro       Sustainable Modernization of Traditional Agriculture program 
MRV Monitoring, reporting and verification systems  
NDCs Nationally Determined Contributions  
NUE Nitrogen use efficiency  
REDD+ Reducing emissions from deforestation and forest degradation 
SADER Secretaría de Agricultura y Desarrollo Rural (Secretary of Agriculture and 
Rural Development)  
SFP Swine under family production  
SIAP Servicio de Información Agroalimentaria y Pesquera (Agrifood and Fisheries 
Information Service) SIAP 
SIP Swine under intensive production  
SWOT Strengths, weaknesses, opportunities and threats 
UNAM Universidad Nacional Autónoma de México (National Autonomous University 
of Mexico)  
USCUSS       Uso de Suelo, Cambio de Uso de Suelo y Silvicultura (Soil Use, Changes in 





Agriculture and related land use cha ge c ib ed ab  17% f he d  
anthropogenic greenhouse gas (GHG) emissions in 2010 (8.4 Gt CO2eq yr-1) 
(Richards et al. 2018). Climate change mitigation in agriculture, forestry and other 
land use (AFOLU) is critical to achieving the 2°C limit of the Paris Agreement. 
Recent analyses indicate that land-based mitigation, which includes both carbon 
dioxide removal and GHG emission reduction, can contribute ca. 30% of the 
reductions needed to reach 2030 targets (Griscom et al. 2017). Despite its critical role 
in future emissions, action to reduce AFOLU emissions has lagged behind other 
sectors. Furthermore, land and its ecosystem management are critical for livelihoods 
in that they constitute the basis of net primary productivity, the supply of food and 
feed, fresh water, biodiversity and multiple other ecosystem services. AFOLU sector 
emissions are increasing year after year because increased food production is required 
to feed a rising population. For example, to feed a global population of 9.1 billion 
with current dietary patterns, overall food production will need to increase by 70% 
between 2005 and 2050, resulting in a further 30% increase in global GHG emissions 
from agriculture (Tubiello et al. 2014). Therefore, countries should focus on 
sustainable land management practices to meet their food and livelihood security 
demands but consistent with their goals of environmental stewardship. Technological 
options for reducing GHGs through sustainable land management, together with 
enabling policies, are poorly understood. Specific, country-level recommendations for 
actions to increase sinks through improved land stewardship and reduced emissions 
from land use are generally lacking.  
Mexico is one of the top-ten GHG emitters in the world and therefore has a 
significant role to play in reducing global emissions and determining the future 
climate. The AFOLU sector is responsible for 14.5% of total national GHG 
emissions in Mexico. The government of Mexico has included agriculture and other 
land uses as one of the priority sectors for GHG reduction in its Nationally 
Determined Contributions (NDCs) to the United Nations Framework Convention on 
Climate Change (UNFCCC) (Richards et al. 2016). However, mitigation actions in the 
sector are constrained by a lack of transparent, science-based analysis for setting 
policy and investment priorities.  
Here we present a rapid country-level assessment of GHG mitigation options for the 
AFOLU sector in Mexico, together with the costs of their adoption. We also analyse 
the risks associated with adoption of proposed mitigation options and possible coping 
strategies. The aim is to help the government of Mexico to identify mitigation options 
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within the AFOLU sector based on their mitigation potential, cost of adoption, 
institutional capacity and market context.  
Anal tical approach 
The key starting point for assessing the mitigation potential of any economic sector is 
to quantify baseline emissions and analyse the major sources of emissions, taking into 
account variation in land use and production systems. In agriculture and land use 
systems, such an approach can help to understand the linkages between various 
production practices and GHG emissions, identify mitigation responses and facilitate 
informed policy formulation, consistent with national food security and economic 
development priorities (Whittaker et al. 2013). GHG estimates in most non-annex 1 
countries are based largely on the activity data and associated emission factors from 
one or two stations in one or two agro-ecologies. Using those data to calculate 
national GHG emissions and mitigation potential can result in serious under- or 
overestimation, particularly in countries characterized by large diversity in pedo-
climatic conditions and land use systems, including agricultural practices. A bottom-
up approach comprising country-level analyses of mitigation potential in AFOLU 
using activity and emission data for local production systems would provide more 
realistic NDC targets and improve national reports on progress towards meeting 
UNFCCC commitments.  
Countries can estimate the mitigation potential from AFOLU sectors relative either to 
baseline emissions or to the business-as-usual (BAU) emission scenario. We used the 
BAU scenario, estimating emission and mitigation potential separately for crop 
production, livestock production and the forestry and other land use sector (FOLU), 
and then summed the three estimates to obtain their combined effect. Mitigation 
potentials for each sector and for their combined effects were defined as the difference 
in emissions under the BAU and mitigation scenarios. We analysed emission and 
mitigation potential by jurisdiction (state level) because a) activity data in Mexico are 
available for jurisdictions, b) ecological zones may vary by subsector and combining 
emission and mitigation data from all subsectors would be a challenge, and c) 
government decisions are taken at the jurisdiction level, so the jurisdiction-level 





Mai e, hea  a d ga ca e a e Me ic  aj  c , acc i g f  e  70% f 
national fertilizer use (IFA 2017) and therefore the bulk of emissions from crop 
production. Current crop management information for maize and wheat were obtained 
from the electronic field book of the Sustainable Modernization of Traditional 
Agriculture program (MasAgro)1 (CIMMYT 2019), which records plot level 
information on planting and crop management, fertilizer applications and yield, and 
geo-referencing of plot locations (Fig 1). Plot-specific soil data, including pH, organic 
C a d N c e  a d b  de i , e e b ai ed f  Me ic  Instituto Nacional de 
Investigaciones Forestales y Agrícolas y Pecuarias (INIFAP 1995) and from the 
International Soil Reference and Information Centre (ISRIC) (Hengl et al. 2017). 
Climate zone designations were based on Intergovernmental Panel on Climate 
Change (IPCC) climate categories (IPCC 2006) (Fig 2). State and district level areas 
under specific crops and their yield levels were obtained from the Servicio de 
Información Agroalimentaria y Pesquera (SIAP) for 2017 and 2018 (SIAP 2019). 
 
Figure 1. Distribution of plots with maize and wheat farming locations recorded in the 




1 MasAgro is a research-for-de e e  jec  f Me ic  Secretaría de Agricultura y Desarrollo Rural (SADER) and 
CIMMYT that promotes the sustainable intensification of maize and wheat production in Mexico. 
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Figure 2. IPCC climate categories in Mexico included in the model. 
In addition, results of the 2014 Encuesta Nacional Agropecuaria (ENA), a 
representative partial census of agricultural activities, were obtained from the 
Geography Institute of the Universidad Nacional Autónoma de Mexico (UNAM) and 
covered crop-specific inorganic and organic fertilizer use data by district, averaging 
point observations from the microdata laboratory of Instituto Nacional de Estadística 
y Geografía (INEGI 2015).  
Livestock 
Municipal-level data on livestock population numbers and average weight of dairy 
and beef cattle and swine were obtained from SIAP (SIAP 2019). Beef and dairy 
cattle populations were divided based on the 2017 ENA (INEGI 2017) into three 
groups: animals under grazing management (AGM), confined animals (ACM) and 
animals under grazing-confinement management (AGCM). For nutritional 
characteristics under AGM, we used the results of Muñoz-González et al. (2016) and 
Reyes et al. (2009). For ACM and based on SARGARPA et al. (2010), we used the 
nutritional characteristics of maize, wheat and soybean (Hazard et al. 2004). 
Nutritional characteristics for AGCM comprised combinations of AGM and ACM. 
Swine populations were divided into two groups: swine under intensive production 
(SIP) and swine under family production (SFP). For each, total populations were 
separated into breeding and market swine, based on the 2017 ENA (INEGI 2017). 
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Swine production parameters were obtained from the LATAM-Benchmark of the Pig 
Improvement Company (PIC 2014).  
Descriptions for swine, dairy and beef cattle manure and managements systems 
(M&MS) came from the Inventario Nacional de Emisiones de Gases y Compuestos de 
Efecto Invernadero (National GHG Inventory Report) of the Instituto Nacional de 
Ecología y Cambio Climático (INECC 2018). Climate conditions used for M&MS 
were obtained from the annual climate report of the Comisión Nacional del Agua 
(CONAGUA 2017). Mitigation options and mitigation potential were derived from 
official NDCs (República 2015), while costs were calculated according to Granollers 
(2016) and the Instituto Internacional de Recursos Renovables (IRRI 2014). 
Forestry and other land use  
The FOLU baseline emissions and removals and future BAU scenarios or mitigation 
potentials described below2 were not estimated in this study but recovered from other 
sources and official studies: 
 Baseline scenario: National Inventory of Greenhouse Gas Emissions 1990-2015 and 
Forest Reference Emission Level of Six Mexican states: Campeche, Chiapas, Jalisco, 
Oaxaca, Quintana Roo and Yucatán.  
 BAU scenario for 2030 and mitigation potential of three goals for the FOLU sector3: 
Developing implementation pathways for the nationally determined contributions to 
greenhouse gas and compounds (GYCEI) mitigation in the land use and forestry sector. 
 Mitigation potential in this study: Eight environmental indicators were used to determine 
the target population; six are from the list of the National System of Environmental 




2 These three mitigation goals were identified and developed by INECC prior this study. 
3 Prior this study, INECC has evaluated the mitigation potential of three goals for the FOLU sector: i. Achieve a 0% net rate of 
deforestation by 2030, ii. Increase total biomass stocks in ecosystems under a sustainable forest management and iii. Carry out 
good management of carbon stocks in protected natural areas, in order to increase their effect as CO2 sinks. 
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Table 2. Sources per indicator are shown in the following table: 





area per state 
Government of México: SEMARNAT Consulta 









paid per state 
Government of México: SEMARNAT Consulta 





Area used per 
state 
Government of México: SEMARNAT Consulta 
Tmática: Superficie con aprovechamiento de 
recursos forestales autorizado por SEMARNAT 
(hectáreas) 2008-2017 
MVS SNIA 
Area used per 
state 
Government of México: SEMARNAT Consulta 
Tmática: Superficie con aprovechamiento de 
recursos forestales autorizado por SEMARNAT  




Government of México: SEMARNAT Consulta 
Tmática: Número de beneficiarios, superficie 
en conservación y monto de recursos ejercidos 
del programa de pago por servicios ambientales 




Government of México: SEMARNAT Consulta 
Tmática: Número de beneficiarios, superficie 
en conservación y monto de recursos ejercidos 
del programa de pago por servicios ambientales 
del bosque, servicios derivados de la 





area per state** 






area per state** 
Government of México: Programa Sembrando 
Vida 2019-2020 
*National System of Environmental Indicators  
** Approximate estimates based on interviews with people involved in the operation of the program “Sembrando vida” (1 ha 
Forestry, 1 ha Agroforestry and 0.5 ha cropping) ha = abbreviation for hectare. 
The emission factors and the maximum carbon densities calculated for Mexico and 
six states4 were used by the Specialized Technical Unit for Monitoring, Reporting and 
Verification of the National Forestry Commission during the compilation of the 
National Greenhouse Gas Inventory 1990-2015 (Annex FOLU 1). 
 
 




Estimation of GHG emission and mitigation potential  
We used activity year 2017 to estimate emissions from crop and livestock production 
and 2015 for forestry and other land uses. We used 2030 as the target year for 
estimating BAU emissions, given the government of Me ic s focus on a 5 to 10-year 
target and the fact that its NDC pledge to UNFCCC is for 2030.  
The following section describes the steps in our analysis. Briefly, to understand 
current emission levels, hotspots and major contributors, we used land use 
management data together with associated soil and climate information. BAU 
scenario emissions were derived from growth assumptions for crop and livestock 
production, as well as for forestry and other land use. We developed the mitigation 
scenario by including all possible mitigation options in crop and livestock production 
and FOLU management, together with their costs of adoption. Jurisdiction-wide 
emissions and mitigation potential were estimated separately for crop production, 
livestock production and FOLU and the estimates were also combined to provide 
AFOLU-wide results. Finally, we reviewed key policy documents and strategic plans 
to understand risks of adoption, institutional capacity, and the policy environment and 
to then suggest a possible roadmap for implementing mitigation options.  
GHG estimation  
The same approach was used to determine spatially explicit emissions under base-
year, BAU and mitigation scenarios, with mitigation potential calculated as the 
difference in emissions between the BAU and mitigation scenarios.  
GHG emission from crop production were calculated using the Mitigation Options 
Tool (CCAFS-MOT) of the  CGIAR Research Program on Climate Change, 
Agriculture and Food Security (CCAFS) (Feliciano et al. 2017). CCAFS-MOT 
combines several empirical models to estimate GHG emissions from different land 
uses. The tool recognizes specific factors that influence GHG emissions, such as soil 
and climate, production inputs and management practices. It also calculates 
background and fertilizer-induced N2O emissions, based on an updated version of the 
nitrogen model of Stehfest & Bouwman (2006). Emissions from crop residues 
returned to the field are calculated using IPCC emission factors. Similarly, emissions 
from the fertilizer production are based on the Ecoinvent database (Ecoinvent Center 
2007). Changes in soil C due to tillage and manure and residue management are based 
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on the IPCC methodology as in Ogle et al. (2005). Similarly, soil CO2 emissions from 
applying urea or liming are estimated using the IPCC methodology (IPCC 2006).  
GHG emissions from livestock production 
Emissions from livestock production in Mexico were calculated according to the 
Guidelines for National Greenhouse Gases Inventories, Volume 4, chapter 10 and 11 
from the IPCC methodology (IPCC 2006b). We calculated emissions from enteric 
fermentation (EF) for dairy and beef cattle using a Tier 2 emissions factor developed 
for AGM (95.2 kg CH4 head-1 year-1), ACM (126.23 kg CH4 head-1 year-1) and 
AGCM (99.86 kg CH4 head-1 year-1). For emissions from raising swine, we used a 
default emissions factor from table 10.10 the IPCC methodology (IPCC 2006b). For 
SIP we used a developed country emissions factor (1.5 kg CH4 head-1 year-1) and for 
SFP another developing country emissions factor (1.0 kg CH4 head-1 year-1).  
To estimate M&MS emissions from dairy farming under AGM, we developed factors 
for CH4 and N2O emissions under grazing conditions and for ACM under liquid, 
uncovered lagoon and biodigester conditions, according to the description in the 
INECC 2018 national inventory. For AGCM we assumed 50% grazing and 50% 
confinement time, applying the emissions factors for CH4 and N2O developed for the 
other two groups. 
To estimate M&MS emissions from beef under AGM, we developed CH4 and N2O 
emission factors for grazing conditions and, for ACM a factor for the same gases 
under dry lot and solid storage conditions, according to the description in the INECC 
national inventory. For AGCM we assumed 50% time under grazing and 50% under 
confinement and used the emissions factor for CH4 and N2O developed for the other 
two groups. 
For M&MS emissions from swine under SIP, we developed CH4 and N2O emissions 
factors for pit storage, anaerobic lagoons and biodigesters, following the INECC 
description for the 2018 national inventory. For swine under SFP, we developed 
emissions factors for CH4 and N2O under grazing conditions. 
The baseline scenario models and assumptions underlying calculations of FOLU 
emissions and removals are based on the 2006 International Plant Protection 
Convention (IPPC) Guidelines for the National Greenhouse Gas Inventory, under the 
a ach Diffe e ce  i  he e e .  
The activity data for the baseline calculation includes a group of unbiased statistical 
estimates for each IPCC category and sub-category area, which were derived from 
uncertainty assessments carried out using other data from the geospatial union of the 
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original inputs (Series II, III, IV, V and VI of the National Institute of Statistics and 
Geography (INEGI) on the land use and vegetation chart, scale 1:250,000). 
Certain statistical estimates lack geographical explicitness; that is, the data are 
spatially referred but not spatially explicit. The Comisión Nacional Forestal 
(CONAFOR) has carried out this process for the entire country including Campeche, 
Chiapas, Jalisco, Oaxaca, Quintana Roo and Yucatán. We obtained baselines for the 
other 26 states of Mexico by subtracting national emissions from available states and 
multiplying those values by the percentage of forest area for each state relative to the 
total forest area of the remaining 26 states. 
All GHGs were converted into CO2eq using global warming potentials over 100 years 
of 34 and 298 for CH4 and N2O, respectively (IPCC 2013). 
Mitigation options, costs and benefits  
Crop production mitigation options, costs and benefits 
Crop-production-related mitigation options were derived from literature studies done 
in Mexico, through stakeholder consultations and expert opinions. One example is 
high input cropping areas where farmers apply N fertilizer at supra-optimal rates. 
Most are characterized by low nitrogen use efficiency (NUE; defined as crop N 
harvested relative to N input) and substantial excess N leached or emitted to 
environment. Improving NUE through adoption of various precision nutrient 
management technologies would lower N2O emissions (Millar et al. 2018), while 
helping to reduce fertilizer rates without compromising yield, so these technologies 
were considered important mitigation options.  
Soil disturbance tends to stimulate soil carbon losses through enhanced decomposition 
and erosion of soil organic matter. Zero-tillage, a key component of conservation 
agriculture (CA)5, often increases soil carbon, although the permanence of C 
sequestered this way is questionable. Furthermore, reduced costs and energy 
requirements under reduced or zero-tillage are linked to savings in fuel, labour and 
equipment maintenance/depreciation, in addition to lower emissions. The potential of 
C sequestration through adoption of zero-tillage were estimated using tillage factors 
for different climate zones (Ogle et al. 2005).  
 
 
5 Conservation agriculture is defined here as the combination of reduced or zero tillage, retaining crop residues on the soil, and 
targeted use of crop rotations.  
17 
Precision levelling of crop fields can help to lower GHG emissions by reducing 
cultivation time and improving the efficiency of fertilizer use and, in some cases, 
irrigation. Therefore, emission reductions from the adoption of land levelling were 
calculated indirectly by estimating savings in cultivation energy and fertilizer.  
The mitigation potentials of various state-level mitigation options were combined to 
obtain the mitigation potential of state-level packages. This calculation was strictly 
additive; we did not attempt to calculate possible synergies.  
The costs and benefits of adopting mitigation options were calculated using the unit 
prices of adoption-related inputs and outputs, using current market prices in Mexico 
for commodities such as fertilizer, fuel, electricity and harvested products.  
Livestock production mitigation options, costs and benefits 
Mexico  NDC for livestock includes farm biodigesters and recovered grazing areas 
(República 2015). This study did not consider mitigation options for recovered 
grazing areas because related actions are not well documented and activities under the 
IPCC Guidelines for National Inventories do not include mitigation for livestock (the 
3A enteric fermentation and 3B manure management subcategories are associated 
with livestock emissions). We estimated mitigation for farm biodigesters for dairy and 
swine according to technical indications from FIRCO-SAGARPA (2011) and for 
intensive production based on data from the national inventory report (INECC 2018). 
To establish the need for a biodigester, we considered technical conditions and the 
minimal number of farm heads required to generate electricity, in accordance with 
Eaton et al. (2013). Biodigester costs included the purchase of generators and related 
equipment.  
In addition to Mexico´s NDC, we estimated the potential mitigation and costs for a 
beef cattle composting plant according with Mexico´s GHG inventory description 
(INECC 2018), data from Granollers (2016), the number of heads under dry lot and 
solid storage manure management systems. 
Mitigation options and costs in forestry and other land use 
The potential beneficiary population for the FOLU mitigation option represents the 
number of people living in areas with forest conservation, protection and restoration 
activities established in Mexico between 2010 and 2017 through the CONAFOR 
programs and from 2019 and 2020 through the Se b a d  Vida  g a  f he 
Secretaría de Bienestar. Therefore, the Mexican government has already delivered 
financial and in-kind subsidies to farmers to establish these areas. 
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To obtain certification, owners and holders of forests and preferably forestlands for 
conservation, restoration and forest management actions are expected to show carbon 
sequestration potential and results through the related projects that meet a national or 
international standard. 
The main implementation costs for FOLU mitigation measures are for developing 
national capacities, paying for technical advice, establishing site-level monitoring, 
reporting and verification systems (MRV), and contracting external verification 
services. 
Certified owners and holders of the benefited lands are expected to offer offsets in 
carbon markets6, thereby adding to NDCs while diversifying and improving their 
incomes. 
GHG emission scenarios 
We estimated GHG savings through various options against 2030 BAU emissions, 
which were estimated based on AFOLU sector growth assumptions for factors such as 
input consumption, technological development, area under various land uses and 
livestock populations. These expected changes were validated through expert 
consultation and a stakeholder workshop.  
Business-as-usual scenario for cropland 
Over the last 10 years, N fertilizer use increased 48% (IFA 2017) and maize 
production increased by 28%. Extrapolating N fertilizer use to 2030 gave an 
expected increase of 50% over 2017 levels. Analysing this trend and the expected 
food deficit (projected demand minus projected production) for 2030 gave an 
expected increase in N fertilizer use of 50% in irrigated and high-rainfall rainfed areas 
and of 20% in low-rainfall, rainfed areas with dry climates. In areas where current N 
fertilizer is equal to or greater than 400 kg ha-1, we assumed no increase. The 
projected N fertilizer use trends apply to maize, wheat and sugarcane.  
The government of Mexico has introduced a price support program to protect farmers 
from market failures that incentivize increasing the area under crops, as well as the 
Se b a d  Vida  program which encourages farmers to dedicate land for forestry, 
agro-forestry and milpa,  he adi i a  maize-bean-squash intercrop. Based on 
these factors, we assumed a 7% increase in maize area. Based on the stability of 
 
 
6  Since 2016, indicated in the SWOT analysis, Mexico is moving forward with implementation of the Mexican Preparation of an 
Emissions Trading System (ETS), which will operate under the Cap & Trade approach  currently at the test stage  and 
plans operation by 2023. 
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Mexico  hea  area ince , we assumed no change in the area to 2030, 
whereas the area under sugarcane has increased 25% during 2004-18 and is 
expected to increase from 10-15% between now and 2030, so we have assumed a 
12.5% increase in area for the crop to 2030, in sugarcane producing states.  
Business-as-usual scenario in livestock contemplates  
We estimated the BAU scenario for livestock using historical information about 
animal populations, production and weights derived from the SIAP database (SIAP 
2019). For cattle we took into account 2011-2020 projections for the agri-food sector 
from the agriculture ministry (SAGARPA 2011) and for swine, pig production 
projections (Gallardo Nieto et al. 2006). Historical information and projections were 
used to identify mainly drivers and the average annual growth rate (AAGR) for swine, 
dairy cows and beef. The AAGR for each species were used to estimate total livestock 
GHG emissions to 2030. 
Business-as-usual scenario in forestry and other land use 
The BAU scenario assumes that no new measures will be implemented to mitigate 
climate change and that recorded emission/removal trends will continue as reported in 
the INEGYCEI_USCUSS 6ª_CN (SEMARNAT-INECC 2018). The scenario was 
developed in four steps: 
1. Collection and systematization of historical area information. 
2. Future projection of areas using statistical models and/or explanatory variables (drivers). 
3. Projecting parameters and emission factors to 2050. 
4. Estimating projected emissions and removals to 2050 (INECC 2018).  
The BAU scenario was projected to 2050, even though our sources report the 
estimated emission and removal values to 2030. 
Mitigation scenario 
To estimate emissions under the mitigation scenario, we applied all possible 
mitigation options and their mitigation potential, together with the scale of their 
adoption, over the BAU scenario.  
For high-input areas of Mexico where farmers over-apply N fertilizer and much 
nitrogen is lost, we calculated plot-level NUE using yield and applied N, assuming 
respective N contents of 1.58% and 1.99% for maize and wheat grain and 0.13% for 
sugarcane stalks (Feliciano et al. 2017). For all areas where NUE was less than 50%, 
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the optimum N rate was estimated assuming NUE of 50% following the equation 
below.  
Optimum N input (kg N/ha) = kg N removed at harvest/NUE (50%) 
Where:  
kg N removed at harvest = crop yield (kg-1) x crop moisture (%) x average N 
content (%).  
Where NUE was <50%, we calculated balanced N to raise NUE to 50%; where NUE 
was >50%, we added N to increase yield by 20%. The N balance thus calculated was 
used to modify input data and emissions under the mitigation scenario. 
Similarly, the area under conservation agriculture for maize, wheat and sugarcane in 
the mitigation scenario was estimated to be 80,000, 10,000 and 10,000 ha, 
respectively, mainly in the states of Chiapas, Guanajuato, Guerrero, Hidalgo, Jalisco, 
Sonora and Michoacán.  
The estimated crop area under precision levelling, about 30% at present, is projected 
to increase by 40% and 50%, respectively, under the BAU and mitigation scenarios.  
Livestock facilities is a key factor for emissions estimates, in the mitigation scenario. 
To project adoption of biodigesters, we did not consider animals under grazing 
management, family or beef production. We also set a minimum animal population 
for a biodigester to produce energy. To estimate the benefits of composting in beef 
production, we considered the numbers of heads under dry lot and solid storage 
manure management, along with the number of heads required to produce one ton of 
manure per day, following Granollers (2016).  
To estimate the mitigation benefits of changing from anaerobic lagoons to 
biodigesters, we developed and compared Tier 2 emission factors by state and 
municipality for both technologies. Similarly, to estimate mitigation benefits of 
adopting a composting plant, we developed and compared Tier 2 emission factors for 
solid storage and composting. Finally, for each technology we considered maximum 
mitigation potential, based on technical necessities and livestock data in the 2017 
national agricultural survey (INEGI 2017).  
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Table 3. The government of Mexico has set the following three goals and courses of 
action in the USCUUS7 sector: 




Reach a 0% net deforestation rate by 
2030 
1. Maintain the change from TNF to non-commercial TF. 
2. Reduce the changeover area from TF to TNF. 
Sustainable forest 
management 
Increase total biomass stocks in 
ecosystems under sustainable forest 
management. 
1. Improve the productivity of natural forest areas under 
commercial timber management. 
2. Incorporate natural forest areas without management 
to natural forest areas under commercial timber 
management. 
3. Incorporate new commercial forest plantations areas. 
4. Increase timber forest production. 
Management of 
Natural Protected 
Areas (ANP)  
Carry out good management of carbon 
stocks in protected natural areas to 
increase their impact as CO2 sinks. 
1. Reduce deforestation in ANP. 
2. Increase rehabilitated area (reforested) in the ANPs. 
The mitigation potential of these three goals has been evaluated by INECC up to 
2050, based on the results of two public policy initiatives: 1) the National REDD+ 
Strategy, which targets 0% deforestation by 2030, and 2) the National Strategy for 
Sustainable Forest Management to Increase Production and Productivity, 2014-2018, 
which sought to raise total biomass stocks under sustainable forest management 
ecosystems (Table 3). 
As part of this study, a new mitigation strategy was added to the preceding three 
goals: including the Mexican forestry sector in carbon markets. We followed a 
traditional empirical model to design the requisite public policies, based on an 
analysis of strengths, weaknesses, opportunities and threats (SWOT; see Annex 
FOLU 2). Based on the analysis, we identified the following populations as the basis 
for estimating carbon capture (CONAFOR 2015): 
1. Potential population: population representing the need or problem addressed in the 
program objectives, which could therefore be eligible for its attention. For the purposes of 
hi  jec , he eaf e  efe ed  a  e ia  a ea.  
2. Target population: potential population zone that requires more urgent and strategic 
attention. 




7 Uso de Suelo, Cambio de Uso de Suelo y Silvicultura (Soil Use, Changes in Soil and Forestry Use). 
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To estimate mitigation potential, we calculated carbon stocks in aboveground and 
underground biomass managed by the population served, i g he IPCC Diffe e ce  
i  c  a ach i h he IPCC emissions formula = (Activity Data) x (Emission 
Factor). This approach requires calculating carbon stocks at least twice: once for the 
year in which the area is incorporated into the program8 and once for 2030. The 
difference between the two represents the associated mitigation potential. 
The emission factors and maximum carbon densities are specific to the country's 
ecosystems and developed by the Specialized Technical Unit for Monitoring, 
Reporting and Verification of the National Forestry Commission for the INEGYCEI 
compilation from 1990 to 2015. 
To estimate the mitigation potential of this, we set up a series of assumptions for the 
three populations described above to determine carbon stocks at the moment each 
population enters the program and for 2030 (Annex FOLU 2). The mitigation 
potential of each option equals the difference in emissions under the BAU and 
mitigation scenarios.  
Results 
Total emissions 
Crop and livestock emissions 
Based on this rapid analysis, we estimated total emissions from crop and livestock 
production in Mexico at about 147.45 Mt CO2eq and carbon sequestration from the 
FOLU sector of about 148.35 Mt CO2eq, resulting in a net sequestration of about 0.90 
Mt CO2eq (Fig 3). Crop and livestock production respectively accounted for 9% and 
91% of total agricultural emissions. Figure 3 shows total national emissions from crop 
and livestock and total sequestration from FOLU sector together with the contribution 
from major crops and livestock species. State-wise emission from crop, livestock and 
sequestration for FOLU sector together with the combined effect of crop, livestock 
and FOLU is shown in figure 4.  
 
 
8 The objective of this mitigation action is that owners and holders of forest, and preferably, conservation forestlands, restoration 
or forest management actions prove that carbon stock increases through the development and registration of carbon forest 
projects under an eligible standard by the Mexican Preparation of an ETS, which will allow them to offer offsets in the carbon 
markets, contributing to the National Determined Contributions (NDCs) while diversifying and improving their income. 
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Figure 3. Total national emissions from crop and livestock and total sequestration from 
the FOLU sector together with the contribution from major crops and livestock species.  
 
Figure 4. State-wise distribution of total GHG emissions/sequestration (Mt CO2eq) from 
crops, livestock, FOLU and combined effect of crop, livestock and FOLU sector. 
Crop production in Mexico accounted for some 13.17 Mt of CO2eq in 2017. Total 
emissions from crop production were highest in Jalisco (11.5%) and Sinaloa 
(11.24%), followed by Veracruz (9.5%) and Michoacán (8.63%). Maize contributed 
over 72% of total crop-related emissions, followed by sugarcane (15%) and wheat 
(11%). Emissions from maize production were highest in Sinaloa, characterized by 
larger-scale commercial maize farms, followed by Jalisco and Michoacán (Fig 5). 
Maize-related emissions were also high in maize-growing states such as Chiapas, 
 
24 
Guerrero, Guanajuato, Mexico, Puebla, Veracruz, Tamaulipas and Oaxaca. The state 
of Sonora was responsible for about 39% of wheat-related emissions, followed by 
Michoacán (17%), Jalisco (11%) and Baja California (9%). Emissions from sugarcane 
were highest in Veracruz (37%), followed by Jalisco (16%); other states together 
accounted for less than 7% of sugarcane-related emissions.  
 
Figure 5. State-wise distribution of GHG emissions (Mt CO2eq) from maize, wheat and 
sugarcane. At a national level, these three crops estimated to constitute more than 80% 
of total crop-related emissions. No color means calculations were not done due to lack 
of activity data 
Emissions from livestock production in 2017 were estimated at 132.28 Mt CO2eq; 
major emitters were the states of Veracruz (11.8% of total emissions), Jalisco (9.1%), 
Chihuahua (6.8%) and Chiapas (6.8%) (Fig 6). Beef production accounted for the 
bulk of total emissions from livestock, contributing 113.73 Mt CO2eq. Livestock 
emissions under the BAU scenario are projected to reach 156.69 Mt CO2eq by 2030. 
As part of the mitigation scenario, including composting plants for beef production 
and biodigesters for dairy and swine would reduce total livestock emissions 
projections for 2030 to 149.7 Mt CO2eq; 9.5% less than under the BAU scenario (Fig 
7). 
 
Figure 6. State-wise distribution of GHG emissions (Mt CO2eq) from Beef cattle, dairy 
cattle and pig. At a national level, these two livestock types are estimated to constitute 
more than 90% of total livestock related emissions 
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Figure 7. Livestock emissions in Mexico under scenario base (2017), BAU and mitigation 
scenario. 
Total emissions in forestry and other land use 
In 2015, emissions from the land sector were 20,263 Mt CO2eq and absorptions 
168,609 Mt CO2eq. The net balance of the land sector in 2015 was -148,346 Mt 
CO2eq. The net absorptions of the FOLU sector represent 22% of Mexico's total 
emissions. 
In 2015, Chiapas had the highest emission intensity (5.03 Mt CO2eq) for this sector 
and Quintana Roo the highest sequestration (-27.253 Mt CO2eq). The five states with 
the most favourable highest net balance (capture minus emissions) were Oaxaca (-
25.81 Mt CO2eq), Chiapas (-13.87 Mt CO2eq), Jalisco (-10.72 Mt CO2eq), Sonora (-
10.50 Mt CO2eq) and Chihuahua (-9.62 Mt CO2eq). 
The trend scenario or BAU suggests the FOLU sector will continue to provide an 
important CO2 sink through 2050, though it will diminish from an average 128 Mt 
CO2eq of sequestration during 1993-2013 to 107 Mt CO2eq by 2030 and 91 Mt CO2eq 
by 2050 (Fig 8).  
 
2017 BAU (2030) Mitigation (2030)
Swine 8.21 9.43 5.19
Dairy 12.34 14.28 13.13



















Figure 8. BAU scenario for the FOLU (USCUSS) subsector. 
Source: INECC 2018. Instrumentation development routes for the nationally determined contributions on Greenhouse Gases and 
Compounds (GYCEI) mitigation of the Land Use and Forestry sector in Mexico p. 55-56 
The three mitigation goals established and evaluated by the Mexican government are -
31.37 Mt CO2e (INECC 2018), -16.60 Mt CO2eq and -0.09 Mt CO2eq for the 0% 
deforestation target rate, increasing carbon stocks and management of Áreas 
Nacionales Protegidos (ANP) as carbon sinks. The additional mitigation is 47.96 Mt 
CO2eq (Fig 9). 
 
Figure 9. Mitigation potential goals by 2030 in the FOLU subsector, established and 
evaluated by the Mexican government. 
Mitigation potential (technical and economical) 
Under the BAU scenario with no mitigation, GHG fluxes from crop and livestock 
production are projected at 172.07 Mt CO2eq by 2030, while the FOLU sector is 
expected to capture 108.96 Mt CO2eq, resulting in net emissions of 63.11 Mt CO2eq 
per year from the AFOLU sector (Fig 10). Emissions from crop and livestock 
production under mitigation are estimated at 156.71 Mt CO2eq, with a GHG capture 
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by the FOLU sector of 181.27 Mt CO2eq, resulting in net negative emissions; that is, 
24.56 Mt CO2eq would be sequestered each year. Thus, the assumed levels of 
adoption of the mitigation options identified for crop and livestock production and the 
FOLU sector in Mexico would result in a total mitigation of 87.87 Mt CO2eq per year 
(Fig 10 & 12), comprising 7.70, 7.65 and 72.31 Mt CO2eq per year from the crop, 
livestock and FOLU sectors, respectively. Among crop and livestock production, 
swine and maize offered the highest technical mitigation potential  nearly 5 
MtCO2eq per year per component  and wheat production offered the least mitigation 
potential.  
Total mitigation potential from AFOLU sector was the highest in Chiapas (~13 Mt 
CO2eq) followed by Campeche (~ 8 Mt CO2eq) (Fig 11). Eleven states i.e. Oaxaca, 
Quintana Roo, Yucatan, Jalisco, Sonora, Veracruz, Durango, Chihuahua, Puebla, 
Michoacán and Guerrero had total AFOLU mitigation potential between 2.5 to 6.5 Mt 
CO2eq, other states have AFOLU mitigation potentials of less than 2 Mt CO2eq (Fig 
11). 
 
Figure 10. Contribution of various crops, livestock species and FOLU to total 
emissions/sequestrations for the base year (2017 for crop and livestock production and 
2015 for the FOLU sector), and for 2030 under the business-as-usual (BAU) and 




Figure 11. State-wise distribution of GHG mitigation potential (Mt CO2eq) from crop, 
livestock, FOLU and crop-livestock-FOLU combined.  
Figure 12 shows the magnitude of GHG savings per year through adoption of various 
mitigation measures from the AFOLU sector in Mexico together with the abatement 
cost per unit of CO2eq abated. Many of the mitigation measures employ currently 
available technologies and can be implemented immediately. The cost-beneficial 
measures have negative cost and appear below the x-axis on the left-hand side of the 
graph, whereas the cost-incurring measures appear above the x-axis, on the right-hand 
side of the graph. Of the total technical mitigation potential of 87.87 Mt CO2eq yr-1, 
about 6.33 Mt CO2eq was accounted for by measures that have a cost saving 
associated with adoption.  
 
Figure 12. Marginal abatement cost curve AFOLU sector in Mexico. The width of the bar 
represents the abatement potential from the mitigation option whereas height of the 
bar represents the average cost per unit of CO2eq abated. The area (height x width) of 
the bar represents the total cost of the action, i.e. how much it would cost altogether 
in order to deliver all of the CO2eq savings from the action. 
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Mitigation potential in crop production  
The crop production sector in Mexico has a total mitigation potential of about 7.9 Mt 
CO2eq per year with the additional benefit of 19.407 billion MXN. Crop mitigation 
potential was the highest in Veracruz, Jalisco and Michoacán and intermediate 
(between 0.4 to 0.6 Mt CO2eq) in the states of Chiapas, Sinaloa, Guanajuato, Mexico 
and Guerrero (Fig 13). Other states had crop mitigation potentials of less than 0.4 Mt 
CO2eq. GHG mitigation in the crop sector could be obtained through better nitrogen 
management, preventing crop residue burning and adoption of conservation 
agriculture and laser land levelling. In crop production, better nitrogen management to 
improve NUE contributes the highest mitigation potential; i.e., ca. 6 Mt CO2eq 
followed by prevention of crop residue burning ca. 1.57 Mt CO2eq, whereas adoption 
of conservation agriculture and laser land levelling provide nominal mitigation 
potential (Fig 12). Adoption of these mitigation packages i.e., improved NUE, 
prevention of residue burning and adoption of conservation agriculture and laser land 
levelling in five major states of Mexico, i.e. Veracruz, Jalisco, Michoacán, Chiapas 
and Sinaloa would deliver about 50% of total crop production related mitigation 
potential. Mitigation effect of better N management was highest in the states of 
Jalisco, Michoacán, Sinaloa, Veracruz and Chiapas whereas that of preventing residue 
burning was the highest in Veracruz, Jalisco, San Luis Potosi, and Oaxaca.  
 
Figure 13. State-wise distribution of GHG mitigation potential (Mt CO2eq) from maize, 
wheat and sugarcane.  
Mitigation potential in livestock production 
Total mitigation potential for livestock is 7.65 Mt CO2eq and with the estimated 
investment of 14.924 billion MXN. Livestock mitigation potential was the highest in 
Jalisco and Sonora and intermediate (between 0.4 to 0.8 Mt CO2eq) in the states of 
Puebla, Veracruz, Guanajuato, and Yucatan. Other states have livestock mitigation 
potentials of less than 0.3 Mt CO2eq (Fig 14). The highest potential options found that 
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the use of biodigesters on swine farms had the potential to mitigate 5.18 Mt CO2eq. 
1,364 installed biodigesters with a capacity to receive liquid manure from 5,500 adult 
animals are necessary. Biodigesting of dairy cattle manure and composting of beef 
cattle manure together would have a total mitigation potential of about 2.5 Mt CO2eq 
per year with a total investment requirement of 11.724 billion MXN.  
 
Figure 14. State-wise distribution of GHG mitigation potential (Mt CO2eq) from beef 
cattle, dairy cattle and pig.  
Mitigation potential in forestry and other land use 
The FOLU sector has a total mitigation potential of 72.31 Mt CO2eq per year to 2030 
with an estimated investment of 23.82114 billion MXN. The highest mitigation 
potential from the FOLU sector was estimated to be from Chiapas and followed by 
Campeche, Oaxaca and Quintana Roo (Fig 11). The highest mitigation potential in the 
FOLU sector comes from a zero-deforestation program (31.36 Mt CO2eq yr-1) 
followed by a carbon offset in the carbon market (24.26 Mt CO2eq yr-1). However, 
mitigation through carbon offset in the carbon market was estimated to have the 
highest abatement cost (Fig 8).  
The mitigation potential from the FOLU sector entering the carbon markets is 
estimated as 15.86, 24.26 and 54.88 Mt CO2eq per year under pessimistic, 
intermediate and optimistic scenarios, respectively. Given that the objective is to sell 
carbon offsets and considering a price of USD 10/tCO2eq, the market value at current 
prices for the carbon sale is USD 158.55 million, 242.62 million and 548.84 million, 
under pessimistic, intermediate and optimistic scenarios respectively.  
The five states with the greatest mitigation potential under an intermediate carbon 
market scenario (considering that it is the most likely) are Quintana Roo (-2.68 Mt 
CO2eq), Chiapas (-2.25 Mt CO2eq), Campeche (-1.54 Mt CO2eq), Veracruz (- 1.44 Mt 
CO2eq) and Durango (-1.43 Mt CO2eq). 
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Emission reduction potentials relative to Me ico s NDC target  
To help meet the target of maintaining global warming at or below 2 C, Me ic  
estimated GHG reduction in agriculture will need to be 7-18% of 2030 emissions. 
Based on this analysis, crop and livestock sector mitigation options could reduce 
emissions within sectors by 60% and 6%, respectively. Similarly, mitigation options 
in the FOLU sector will result in a reduction of an additional 50% of the sectoral 
GHG reduction.  
Institutional capacity, risks and barriers to adoption 
Crop Production  
For wheat and maize, irrigated and high-rainfall areas  which typically feature more 
intensive use of inputs, including N fertilizer  offer the best mitigation opportunity 
through better nitrogen management and particularly, given the low NUE in such 
cropping areas, for moderating N application rates to reduce N2O emissions without 
affecting yields (Millar et al. 2018; Matson et al. 1997) or national food security 
targets.  
Marketing and price support to maize and wheat farmers ( P g a a de a  a a 
comercializacion,  which farmers in irrigated and high-rainfall areas received) from 
previous federal administrations had no strings attached. Future such subsidies under 
the new national development plan (Plan Nacional de Desarrollo) could be 
conditioned to push farmers to apply new technologies for improved NUE, 
conservation agriculture or land levelling.  
Livestock 
Biodigesters represent an excellent option to reduce emissions from manure on 
livestock farms (Eaton et al. 2013). Mexico has an official supplier and the capacity to 
install biodigesters; 461 were installed between 2010-14 (SEMARNAT-INECC 
2018). However, there is currently no official program or financial support for any 
mitigation option for the livestock sector. On some farms biodigesters have been so 
successful that additional ones have been installed; in contrast, failed cases have 
represented a big problem in farm operations, and this has typically resulted from 
inadequate maintenance and the need for specialized operators. 
FOLU 
The i iga i  e ia  f e e a i  i  Me ic  f e  ec  a  e i a ed f  
high-end (54.88 Mt CO2eq), intermediate (24.26 Mt CO2eq) and low-end scenarios 




Figure 15. Estimated mitigation potential for each of the three scenarios for year 2030.  
Given the going price on carbon markets of USD 10/tCO2eq, the values of capture and 
e e a i  i  Me ic  f e  ec  de  he above scenarios would 
approximate USD 549 million (high-end), USD 243 million (intermediate) and USD 
159 million (low end). 
For the National Forest Program, CONAFOR spent a budget of USD 1.88 million for 
January 2013 through September 20189 and the Secretaría de Bienestar plans to 
allocate USD 0.786 million for the Sembrando Vida program in 201910. Similar levels 
of expenditure are expected in 2020. 
The funds were allocated, among other things, for forest conservation, restoration and 
exploitation in areas inhabited by potential beneficiary populations. Although the 
Mexican government allocated this funding for purposes not directly related to 
climate change mitigation, the activities in fact provide this environmental service. 
The additional public funding needed to achieve the aforementioned forestry sector 
mitigation outcomes would be on the order of USD 71 million (high-end), USD 59 
million (intermediate) and USD 47 million (low-end) and would cover 100% of the 
expenses associated with technical assistance (C1), baseline inventories (C2), 
georeferencing (C3), and initial external supervision (C4).  
 
 
9  Programa Nacional Forestal 2014-2018 (PRONAFOR) 












Mitigation potential by scenario (Mt CO2eq )
Low-end       Intermediate                High-end 
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Comparing costs versus expected revenues from carbon sales, mitigation measures 
appear profitable. 
Priorities of the current national government do not align with actions to meet either 
the three previously-set official mitigation goals for FOLU in Mexico or the new 
measure proposed in this study, and in fact have constrained the provision of human, 
material or financial resources to institutions ie ed a  add e i g non-priority 
issues  ch a  ee i g NDC goals. 
Current political discourse provides no clear indication of whether or not the 
programs established to comply with the national goals11 are currently enforced. 
Emerging policy directions appear to favour support for community forest 
development, which in theory will raise productivity, but the lack of clarity regarding 
the validity and continuity of the original strategies raises questions about the possible 
fulfilment of the related goals. 
For the new mitigation activity, technical and financial barriers are identified, since it 
will be necessary to develop national capacities at all levels in all sectors 
(professional, official, academy, etc.) to support development of carbon projects that 
meet the chosen standards, as well as having access to funding for technical 
assistance, the MRV systems, external supervision, and the operating costs of the 
standard. In any case, Mexico has extensive experience in using subsidies for 
technical studies and forest certification. 
The fact that carbon titles are traded abroad represents both a risk and an opportunity 
to strengthen forestry relative to other competing land use activities. Incentives for 
deforestation by target users encourage them to participate in programs such as 
Se b a d  Vida  i  a he  i . 
Conclusion: Road map to implement mitigation 
measures 
Substantial mitigation potential in the AFOLU sector exists across Mexico. Total 
mitigation potential from the AFOLU sector was the highest in Chiapas (~13 Mt 
CO2eq) followed by Campeche (~ 8 Mt CO2eq). The state-wide and total magnitude 
 
 
11 Estrategia Nacional REDD, ENAREDD and ENAIPROS. 
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of mitigation was the highest from the FOLU sector (~72 Mt CO2eq). Per unit 
abatement, cost was also the highest in this sector. If properly implemented, 
mitigation potentials on cropland can be realized with net benefits, compared to 
livestock and FOLU options, which involve net costs. Cropland-based and livestock 
mitigation contributed roughly equal mitigation potentials (~8 Mt CO2eq each). The 
highest overall AFOLU potential occurred in 11 states (Oaxaca, Quintana Roo, 
Yucatan, Jalisco, Sonora, Veracruz, Durango, Chihuahua, Puebla, Michoacán and 
Guerrero), which had had a total AFOLU mitigation potential between 2.5 to 6.5 Mt 
CO2eq. Other states had AFOLU mitigation potentials of less than 2 Mt CO2eq. The 
relative importance of cropland, livestock or FOLU emissions varied by state. 
In the states with high mitigation potentials, the government has a range of options to 
encourage wider adoption of the identified mitigation options and realization of 
mitigation potential.  
Crop Production 
Activities identified as part of mitigation for the crop production sector: 
 In the case of nitrogen, avoid fertilizer subsides, since those tend to result in inefficient 
use of nitrogen. Instead, require farmers to limit the amount of nitrogen applied for maize, 
wheat and sugar cane, but use the nitrogen in a more efficient way so that the reduction in 
nitrogen use does not result in a yield reduction. This limitation in nitrogen use could be 
achieved through policy by providing subsidies to farmers that adopt more efficient 
nitrogen management practices.  
 In land levelling, provide a subsidy as an incentive for the adoption of this technology, 
which in addition to reducing GHG emissions should increase productivity. 
 In conservation agriculture, also through policy, provide subsidies to farmers that adopt 
this technology. Particularly in rain fed areas, the adoption of this technology will result 
not only in a reduction of GHG but also will improve productivity. 
Livestock 
Activities identified as part of mitigation for the livestock sector: 
 Create official program and financial support. 
 Training and articulation between environmental and agriculture government institutions 
and stakeholders. 
 Correct design and maintenance according to farm. 
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 Articulation to the energy sector. 
FOLU 
Activities identified as part of mitigation for the FOLU sector: 
 Ensure that the forestry sector is within the sectors approved by the Mexican Emissions 
Trading System (ETS). 
 Conduct capacity development at all levels in all sectors (professional, official, and 
academic). 
 Strengthen and conclude the NMX-173 Mexican regulation commissioning process in all 
its components to make it operational. 
 Include support programs within CONAFOR subsidies for developing carbon forest 
projects, including costs for technical assistance and external supervision. 
Rapid assessment of mitigation potentials can support discussions in government and 
among stakeholders about priority actions for reducing emissions. This analysis 
provides an example of a methodology and results that should help inform future 
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Anne : FOLU 1 
Densidades máximas de carbono en la biomasa de bosques y selvas primarios y factores de emisión en tierras que permanecen como bosque y en 
tierras convertidas en bosque en México y seis estados del país / Maximum carbon densities in the biomass of primary forests and jungles and 
emission factors in lands that remain as forests and in lands converted to forests in Mexico and six states of the country. 















FE de raices 
(TonC/ha) 
Incertidumbre 









52 Nacional Bosque Cultivado BC -          46.03  48.12 -          11.09 44.90 -          57.12 -            0.00 0.07 0.02 
52 
Nacional Bosque de Coniferas 
Primario 
BCO/P -          32.85  2.35 -            7.86 2.18 -          40.71 -            0.28 9.06 2.17 
52 Nacional Bosque de Encino Primario BE/P -          20.10  2.96 -            5.04 2.76 -          25.14 -            0.23 4.65 1.17 
52 
Nacional Bosque Mesofilo de 
Montana Primario 
BM/P -          45.31  9.50 -            0.65 8.78 -          55.95 -            0.03 1.27 0.30 
52 Nacional Selva Caducifolia Primario SC/P -          11.77  5.35 -            3.18 5.02 -          14.94 -            0.23 2.70 0.73 
52 Nacional Selva Perennifolia Primario SP/P -          34.90  2.89 -            8.70 2.74 -          43.60 -            0.17 6.04 1.51 
52 
Nacional Selva Subcaducifolia 
Primario 
SSC/P -          25.85  4.16 -            6.61 3.93 -          32.46 -            0.06 1.56 0.40 
04 Campeche Bosque Cultivado BC -          46.03  48.12 -          11.09 44.90 -          57.12 -            0.00 0.11 0.03 
04 Campeche Bosque de Encino Primario BE/P -          20.10  2.96 -            5.04 2.76 -          25.14 -            0.00 0.06 0.01 
04 Campeche Selva Caducifolia Primario SC/P -          19.02  18.87 -            5.01 18.06 -          24.03 -            0.06 1.18 0.31 




Campeche Selva Subcaducifolia 
Primario 
SSC/P -          28.72  6.34 -            7.34 6.07 -          36.06 -            0.21 5.94 1.52 
07 Chiapas Bosque Cultivado BC -          46.03  48.12 -          11.09 44.90 -          57.12 -            0.00 0.05 0.01 
07 
Chiapas Bosque de Coniferas 
Primario 
BCO/P -          38.84  11.01 -            9.30 10.12 -          48.14 -            0.20 7.86 1.88 
07 Chiapas Bosque de Encino Primario BE/P -          30.57  20.26 -            7.56 19.04 -          38.13 -            0.06 1.81 0.45 
07 
Chiapas Bosque Mesofilo de 
Montana Primario 
BM/P -          35.52  17.28 -            8.58 16.36 -          44.10 -            0.18 6.42 1.55 
07 Chiapas Selva Caducifolia Primario SC/P -          13.31  15.28 -            3.60 14.10 -          16.91 -            0.04 0.54 0.15 
07 Chiapas Selva Perennifolia Primario SP/P -          32.11  12.55 -            8.01 11.79 -          40.12 -            0.51 16.28 4.06 
07 
Chiapas Selva Subcaducifolia 
Primario 
SSC/P -          25.85  4.16 -            6.61 3.93 -          32.46 -            0.01 0.23 0.06 
14 Jalisco Bosque Cultivado BC -          46.03  48.12 -          11.09 44.90 -          57.12 -            0.00 0.00 0.00 
14 
Jalisco Bosque de Coniferas 
Primario 
BCO/P -          35.69  8.39 -            8.58 7.78 -          44.27 -            0.33 11.71 2.82 
14 Jalisco Bosque de Encino Primario BE/P -          25.17  8.06 -            6.27 7.58 -          31.44 -            0.37 9.25 2.30 
14 
Jalisco Bosque Mesofilo de 
Montana Primario 
BM/P -          45.31  9.50 -          10.65 8.78 -          55.95 -            0.02 0.72 0.17 
14 Jalisco Selva Caducifolia Primario SC/P -          14.50  20.24 -            3.90 18.74 -          18.40 -            0.23 3.32 0.89 
14 
Jalisco Selva Subcaducifolia 
Primario 
SSC/P -          29.73  16.30 -            7.63 15.08 -          37.36 -            0.06 1.76 0.45 
20 Oaxaca Bosque Cultivado BC -          46.03  48.12 -          11.09 44.90 -          57.12 -            0.00 0.19 0.05 
20 
Oaxaca Bosque de Coniferas 
Primario 
BCO/P -          32.85  2.35 -            7.86 2.18 -          40.71 -            0.35 11.38 2.72 
20 Oaxaca Bosque de Encino Primario BE/P -          20.10  2.96 -            5.04 2.76 -          25.14 -            0.10 2.08 0.52 
20 
Oaxaca Bosque Mesofilo de 
Montana Primario 
BM/P -          45.31  9.50 -          10.65 8.78 -          55.95 -            0.10 4.45 1.05 
41 
20 Oaxaca Selva Caducifolia Primario SC/P -          11.77  5.35 -            3.18 5.02 -          14.94 -            0.22 2.57 0.69 
20 Oaxaca Selva Perennifolia Primario SP/P -          34.90  2.89 -            8.70 2.74 -          43.60 -            0.22 7.56 1.88 
20 
Oaxaca Selva Subcaducifolia 
Primario 


















SSC/P -          31.50  13.99 -            7.88 13.33 -          39.38 -            0.07 2.16 0.54 
31 Yucatán Bosque Cultivado BC -          46.03  48.12 -          11.09 44.90 -          57.12 -            0.00 0.02 0.00 
31 Yucatán Selva Caducifolia Primario SC/P -          12.48  17.88 -            3.34 16.99 -          15.82 -            0.35 4.42 1.18 
31 Yucatán Selva Perennifolia Primario SP/P -          30.53  18.64 -            7.67 17.81 -          38.20 -            0.03 1.06 0.27 
31 
Yucatán Selva Subcaducifolia 
Primario 
SSC/P -          22.65  6.16 -            5.84 5.90 -          28.49 -            0.61 13.84 3.56 
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Las densidades máximas de carbono ponderadas para la biomasa aérea, biomasa 
subterránea y biomasa total se muestran a continuación /  
The maximum weighted carbon densities for aboveground biomass, underground 









carbono BS (t C/ha) 
Densidades 
máximas de 
carbono B (t C/ha) 
52 Nacional 25.36 6.28 31.65 
04 Campeche 32.89 8.28 41.17 
07 Chiapas 33.19 8.16 41.35 
14 Jalisco 26.77 6.64 33.41 
20 Oaxaca 28.56 7.00 35.56 
23 Quintana 
Roo 
37.27 9.25 46.53 
31 Yucatán 19.33 5.02 
 
2. Factores de emisión para los bosques que permanecen como bosques (transición 
6_1) y para las tierras convertidas en bosques (transición 6_9) / Emission factors for 
















SumaDeCFEP_BA U_FEP_BA SumaDeCFEP_BS U_FEP_BS 
52 Nacional 6_1 0.303097566 11.35433285 0.075019187 10.59188874 
52 Nacional 6_1 0.307370235 11.15983065 0.076101241 10.40971357 
52 Nacional 6_1 0.309345662 11.1687509 0.076547904 10.41879541 
52 Nacional 6_1 0.312243802 11.08427277 0.077334398 10.34370838 
52 Nacional 6_9 7.07099295 19.10425818 1.737353318 18.28339171 
52 Nacional 6_9 4.581325996 36.76718513 1.118854735 35.65426778 
52 Nacional 6_9 3.489394602 45.93207413 0.85536116 44.44139196 
52 Nacional 6_9 2.390009118 55.65974849 0.586610568 53.53684633 
04 Campeche 6_1 0.669178013 21.5019963 0.161324983 21.0168311 
04 Campeche 6_1 0.678680382 21.12872406 0.163490629 20.69097456 
04 Campeche 6_1 0.682396264 21.5985899 0.164029758 21.17150999 
04 Campeche 6_1 0.66723378 21.01437178 0.160991767 20.53691037 
04 Campeche 6_9 10.0457939 41.55851933 2.445386258 39.84588659 
04 Campeche 6_9 6.953259999 94.29563316 1.671146518 90.95825413 
04 Campeche 6_9 4.867881257 83.70206664 1.183672297 80.1369021 
04 Campeche 6_9 3.55734119 105.4589453 0.869219916 100.7976306 
07 Chiapas 6_1 1.055717923 35.63580732 0.253074125 34.1764704 
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07 Chiapas 6_1 1.018192611 33.91272518 0.244375774 32.49921988 
07 Chiapas 6_1 1.057265609 33.31202056 0.25344904 31.9158879 
07 Chiapas 6_1 1.04596598 32.83072774 0.250830811 31.45250017 
07 Chiapas 6_9 11.42133419 24.36148695 2.77522998 22.96480532 
07 Chiapas 6_9 7.823542172 67.2810603 1.957523786 64.62014865 
07 Chiapas 6_9 4.971117301 57.70476533 1.222867979 53.94624313 
07 Chiapas 6_9 4.394774351 73.74413299 1.078709366 70.2854236 
14 Jalisco 6_1 0.458898199 32.62952388 0.112959569 30.97470048 
14 Jalisco 6_1 0.463057679 32.64988975 0.113527557 30.92227047 
14 Jalisco 6_1 0.463741719 32.67965851 0.113743404 30.95697188 
14 Jalisco 6_1 0.462905596 32.58967043 0.113499598 30.85396106 
14 Jalisco 6_9 8.340798056 26.36394877 2.127567172 25.17255487 
14 Jalisco 6_9 4.760639061 45.03714575 1.212617685 44.76250165 
14 Jalisco 6_9 3.636857745 56.75459459 0.934595909 54.06655386 
14 Jalisco 6_9 2.636099729 77.33804802 0.673673972 73.90402845 
20 Oaxaca 6_1 0.98075697 25.61356393 0.229083058 24.75942833 
20 Oaxaca 6_1 0.942363946 24.97648116 0.220212735 24.10442839 
20 Oaxaca 6_1 0.939848799 24.66920508 0.219644634 23.79161261 
20 Oaxaca 6_1 0.914213304 24.70416771 0.213815382 23.81869608 
20 Oaxaca 6_9 10.68292025 23.02123685 2.519757502 21.44261314 
20 Oaxaca 6_9 5.805966916 35.1274994 1.38559154 33.29669876 
20 Oaxaca 6_9 4.306522153 54.26161723 1.035899699 52.18283971 
20 Oaxaca 6_9 3.328168522 65.15257713 0.805222919 61.61705366 
23 Quintana Roo 6_1 0.054186887 303.4309235 0.014976743 256.7223483 
23 Quintana Roo 6_1 0.051292927 319.6616191 0.014175955 270.9461066 
23 Quintana Roo 6_1 0.049636587 336.7301223 0.013795211 282.8980565 
23 Quintana Roo 6_1 0.050490827 327.9042694 0.014057427 275.3245864 
23 Quintana Roo 6_9 11.09809445 47.00787671 2.719764087 44.11967561 
23 Quintana Roo 6_9 7.004621414 67.45307851 1.710089447 64.18574989 
23 Quintana Roo 6_9 5.785076643 94.6697741 1.437730406 97.51256616 
23 Quintana Roo 6_9 3.896242441 91.29170082 0.96516078 92.32069243 
31 Yucatán 6_1 0.792393731 13.24941781 0.201108575 12.79404923 
31 Yucatán 6_1 0.848488081 11.51970843 0.214536554 11.146269 
31 Yucatán 6_1 0.868949296 11.67484587 0.218967863 11.20882496 
31 Yucatán 6_1 0.866397632 11.19135503 0.218517768 10.79417534 
31 Yucatán 6_9 7.583729467 25.38564037 1.901384111 25.31032047 
31 Yucatán 6_9 4.307502341 35.27369613 1.064304095 35.13661916 
31 Yucatán 6_9 0.969291833 41.34931658 0.969291833 41.34931658 




Anne : FOLU 2 
Supuestos y parámetros / Assumptions and parameters 
1. Población potencial / Potential population 
Programas de gobierno incluidos / Government programs included 
Consecutivo





1 Superficie reforestada / Reforested area REFO CONAFOR 
2 Superficie PFC plantada y verificada / PFC area planted and verified) PFC CONAFOR 
3 
Superficie autorizada MFS Maderable / Authorized surface MFS 
Timber MFMAD CONAFOR 
4 
Superficie autorizada PM Vida Silvestre / Authorized surface PM 
Wildlife MVS CONAFOR 
5 Superficie en PSA Hidrológicos / Area in Hydrological PSA PSAH CONAFOR 
6 Superficie en PSA Biodiversidad / Area in PSA Biodiversity PSAB CONAFOR 
7 Sembrando Vida – Agroforestal / Sowing Life – Agroforestry SVAF 
Secretaría 
del Bienestar 




Parámetros / Paremeters 
   De A 
Periodo de la Población Potencial / Potential 
Population Period 
2010 2020 
2. Población objetivo / Target population 
Escenario / Scenerio Porcentaje P. Potencial / Potential P. Percentage 
Pesimista / Pessimistic 20% 
Intermedio / Intermediate 25% 
Optimista / Optimistic 30% 
3. Población atendida / Population served 
Parámetros / Paremeters 
Escenario / Scenerio 2019 2020 2021 2022 2023 2024 Total 
Pesimista / Pessimistic 0% 0% 25% 25% 25% 25% 100% 
Intermedio / Intermediate 0% 0% 33% 33% 34% 0% 100% 
Optimista / Optimistic 0% 0% 50% 50% 0% 0% 100% 
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4. Cálculo de línea base / Baseline calculation 
Parámetros / Paremeters 




Acronym Transición asignada / Assigned transition 
ID 
Transición BA BS MM HOJ COS 
1 REFO Tierras convertidas a tierras forestales / Land converted to forest 6_9 X X    
2 PFC Tierras convertidas a tierras forestales 6_9 X X    
3 MFMAD Tierras forestales que permanecen como tales / Remaining forest lands 6_1 X X    
4 MVS Tierras forestales que permanecen como tales 6_1 X X    
5 PSAH Tierras forestales que permanecen como tales 6_1 X X    
6 PSAB Tierras forestales que permanecen como tales 6_1 X X    
7 SVAF Tierras convertidas a tierras forestales 6_9 X X    
8 SVF Tierras convertidas a tierras forestales 6_9 X X    
Porcentajes de la densidad máxima de Carbono por escenario y por estado al inicio del programa / Percentages of the maximum 
carbon density by stage and by state at the beginning of the program 
Escenario / Scenario Transición / Transition 
% al inicio del programa / 
% at program start 
% al fin del programa 
/ % at program end 
Pesimista / pessisistic Tierras convertidas a tierras forestales / Land converted to forest 0% 90% 
Pesimista  Tierras forestales que permanecen como tales / Remaining forest lands 85% 90% 
Intermedio / intermediate Tierras convertidas a tierras forestales  0% 95% 
Intermedio  Tierras forestales que permanecen como tales  80% 95% 
Optimista / optimistic Tierras convertidas a tierras forestales  0% 100% 
Optimista  Tierras forestales que permanecen como tales  75% 100% 
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Densidad máxima de Carbono por escenario y por estado al inicio y al fin del programa 
/ Maximum Carbon Density by stage and by state at the beginning and end of the 
program 
ID 
Referencia Escenario / Scenario 
Id 





52 Pesimista / pessisistic 6_9 52_P_6_9 - 28.48 




6_9 52_I_6_9 - 30.06 
52 Intermedio 6_1 52_I_6_1 25.32 30.06 
52 Optimista / optimistic 6_9 52_O_6_9 - 31.65 
52 Optimista 6_1 52_O_6_1 23.74 31.65 
04 Pesimista 6_9 04_P_6_9 - 37.05 
04 Pesimista 6_1 04_P_6_1 35.00 37.05 
04 Intermedio 6_9 04_I_6_9 - 39.11 
04 Intermedio 6_1 04_I_6_1 32.94 39.11 
04 Optimista 6_9 04_O_6_9 - 41.17 
04 Optimista 6_1 04_O_6_1 30.88 41.17 
07 Pesimista 6_9 07_P_6_9 - 37.21 
07 Pesimista 6_1 07_P_6_1 35.15 37.21 
07 Intermedio 6_9 07_I_6_9 - 39.28 
07 Intermedio 6_1 07_I_6_1 33.08 39.28 
07 Optimista 6_9 07_O_6_9 - 41.35 
07 Optimista 6_1 07_O_6_1 31.01 41.35 
14 Pesimista 6_9 14_P_6_9 - 30.07 
14 Pesimista 6_1 14_P_6_1 28.39 30.07 
14 Intermedio 6_9 14_I_6_9 - 31.74 
14 Intermedio 6_1 14_I_6_1 26.72 31.74 
14 Optimista 6_9 14_O_6_9 - 33.41 
14 Optimista 6_1 14_O_6_1 25.05 33.41 
20 Pesimista 6_9 20_P_6_9 - 32.01 
20 Pesimista 6_1 20_P_6_1 30.23 32.01 
20 Intermedio 6_9 20_I_6_9 - 33.78 
20 Intermedio 6_1 20_I_6_1 28.45 33.78 
20 Optimista 6_9 20_O_6_9 - 35.56 
20 Optimista 6_1 20_O_6_1 26.67 35.56 
23 Pesimista 6_9 23_P_6_9 - 41.87 
23 Pesimista 6_1 23_P_6_1 39.55 41.87 
23 Intermedio 6_9 23_I_6_9 - 44.20 
23 Intermedio 6_1 23_I_6_1 37.22 44.20 
23 Optimista 6_9 23_O_6_9 - 46.53 
23 Optimista 6_1 23_O_6_1 34.89 46.53 
47 
31 Pesimista 6_9 31_P_6_9 - 21.92 
31 Pesimista 6_1 31_P_6_1 20.70 21.92 
31 Intermedio 6_9 31_I_6_9 - 23.13 
31 Intermedio 6_1 31_I_6_1 19.48 23.13 
31 Optimista 6_9 31_O_6_9 - 24.35 
31 Optimista 6_1 31_O_6_1 18.26 24.35 
 


















52 Nacional 6_9 6_4 0.33333333
3 
52_6_9_6_4 0.796669706 0.195536856 
52 Nacional 6_1 6_4 1 52_6_1_6_4 0.312243802 0.077334398 
04 Campeche 6_9 6_4 0.33333333
3 
04_6_9_6_4 1.185780397 0.289739972 
04 Campeche 6_1 6_4 1 04_6_1_6_4 0.66723378 0.160991767 
07 Chiapas 6_9 6_4 0.33333333
3 
07_6_9_6_4 1.464924784 0.359569789 
07 Chiapas 6_1 6_4 1 07_6_1_6_4 1.04596598 0.250830811 
14 Jalisco 6_9 6_4 0.33333333
3 
14_6_9_6_4 0.87869991 0.224557991 
14 Jalisco 6_1 6_4 1 14_6_1_6_4 0.462905596 0.113499598 
20 Oaxaca 6_9 6_4 0.33333333
3 
20_6_9_6_4 1.109389507 0.26840764 





23_6_9_6_4 1.29874748 0.32172026 
23 Quintana 
Roo 
6_1 6_4 1 23_6_1_6_4 0.050490827 0.014057427 
31 Yucatán 6_9 6_4 0.33333333
3 
31_6_9_6_4 0.239627008 0.239627008 
31 Yucatán 6_1 6_4 1 31_6_1_6_4 0.866397632 0.218517768 
5. Absorciones al año de proyección / Absorptions at one year of projection: 
Año de proyección / Projection year  
2030 
6. Costos / Cost: 
Parámetros / Paremeters 
Superficie promedio por proyecto / Average surface per project (ha) 5,000  
Intensidad de muestreo / Sampling intensity (%) 3% 
Costo unitario asistencia técnica ($/proyecto) / Unit cost technical assistance ($/draft) $500,000.00  
 
48 
Costo unitario parcela de inventario ($/parcela) / Inventory parcel unit cost ($/parcel) $750.00  
Costo unitario georeferenciación / Georeferencing unit cost ($/ha) $15.00  
Costo unitario supervisión ($/proyecto) / Supervision unit cost ($/project) $200,000.00  
 

